It is well known that a polynomial/(X) over a commutative ring R with identity is nilpotent if and only if each coefficient of/(X) is nilpotent; and that/(X) is a zero divisor in R[X] if and only if f(X) is annihilated by a nonzero element of R. This paper considers the problem of determining when a power series g(X) over R is either nilpotent or a zero divisor in i? [[X]]. If R is Noetherian, then g(X) is nilpotent if and only if each coefficient of g(X) is nilpotent; and g(X) is a zero divisor in R[[X]] if and only if g(X) is annihilated by a nonzero element of R. If R has positive characteristic, then g (X) is nilpotent if and only if each coefficient of g(X) is nilpotent and there is an upper bound on the orders of nilpotency of the coefficients of g(X). Examples illustrate, however, that in general g(X) need not be nilpotent if there is an upper bound on the orders of nilpotency of the coefficients of g(X), and that g(X) may be a zero divisor in i? [[X]] while g(X) has a unit coefficient.
Introduction.
It is well known that a polynomial f(X) over a commutative ring R with identity is nilpotent if and only if each coefficient of f(X) is nilpotent.
In [l] , McCoy establishes that a polynomial f(X) is a zero divisor in i? [X] if and only if there is a nonzero element r of R with rf(X) = 0. In this paper, we consider the problem of determining when a power series g(X) over R is either nilpotent or a zero divisor in i? [[X] ]. We prove (Corollary 1) that if R is Noetherian, then g(X) is nilpotent if and only if each coefficient of g(X) is nilpotent.
And if R is Noetherian, then g(X) is a zero divisor of i? [[X] ] if and only if g(X) is annihilated by some nonzero element of R (Theorem 5). We establish (Theorem 1) that if R has positive characteristic, then g(X) is nilpotent if and only if each coefficient of g(X) is nilpotent and there is an upper bound on the orders of nilpotency of the coefficients of g(X). We show by means of examples, however, that, in general, g(X) need not be nilpotent if there is an upper bound on the orders of nilpotency of the coefficients of g(X), and that g(X) may be a zero divisor while g(X) has a unit coefficient.
Throughout this paper, R denotes a commutative ring with identity; w is the set of natural numbers; coo is the set of nonnegative integers; Z is the set of integers; and Q is the set of rational numbers. 
Hence f(X) is nilpotent.
The proof that (b)<->(c) is analogous to the proof that (a)«-»(b);
hence it will be omitted. 
Proof. In Theorem 2, we established the implications (c)-»(d) and (a)-»(c)-»(f). That (d)-»(g) is clear. Hence it suffices to prove that (f)-»(g) and that (g)-»(a).
(g)-»(a): If (g) holds, then each element of Af is nilpotent. Since Af is finitely generated, Af is nilpotent. Proof. We let g(X) = YXlftX* and h(X) = £*"_, fiX*', then
is a polynomial of which each coefficient is nilpotent, g(X) is nilpotent. Let T denote the total quotient ring of R and let 5=F Proof. This is an immediate consequence of Lemma 2, letting t be the smallest integer k for which fk is regular in R. We conclude with an example which shows that Theorem 5 fails when R is not Noetherian. Let y=Y and let f(X)=y -X. Then f(X) has a unit coefficient, so certainly rf(X)^0 for each nonzero element r of R. However, letting Xi = Xi and g(X)=^2".0xiXi, we see that f(X)-g(X)=0 while g(X)*Ó.
